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Abstract: Determining the resource intensity and environmental impacts of tourist food 14 
consumption is important for the design of  sustainable development strategies for tourist 15 
destinations. Yet, studies aiming to accurately quantify the environmental repercussions 16 
of tourist food consumption for specific destinations are rare and take limited account of 17 
temporal changes in food consumption patterns among tourists. This study contributes to 18 
knowledge by calculating  the impact of temporal changes in tourist food consumption on 19 
arable land requirements (ALR) in Lhasa, Tibet. It finds an 8% per capital per meal 20 
increase in tourist food consumption within the 2013-2015 period which translates into 21 
over 50% increase in ALR. The study further pinpoints that 84% of the increased ALR is 22 
attributed to dietary changes in tourist food consumption, i.e. grown consumption of 23 
meat. Lastly, the study shows that, in 2015, nearly 62% of the arable land area of the 24 
Lhasa region was required to meet growing tourist demand for food.  25 
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1 Introduction 28 

The rapid development of tourism poses severe challenges to regional sustainable 29 

development by intensifying competition for natural resources and driving 30 

environmental pollution (Gössling, 2002). The need to  supply various types of 31 

consumables for tourists without accelerating environmental degradation  therefore 32 

represents an important task of the sustainable development of any tourist destination. 33 

Food is a key component of tourist consumption (Frisvoll et al., 2016) which makes a 34 

manifold contribution to tourism’s (un)sustainability (Sims, 2009). An effective food 35 

supply is vital for regional sustainable development, especially in those destinations that 36 

cater for sustained tourist demand (Chen and Han, 2017). Although people consume 37 

food regardless of whether or not they are tourists, the structural characteristics of 38 

tourist food consumption are significantly different from those of non-tourist 39 

consumption (Large and Medium City Food Development Research Group, 1990; Li et 40 

al., 2019a). The differences in food consumption patterns between tourists and local 41 

residents complicate food supply in tourist destinations and make it difficult to model. 42 

The need to understand the food consumption behavior of tourists has long been 43 

recognised, especially from the viewpoint of making accurate quantitative assessments 44 

of its scope and scale (Mak et al., 2012b) . 45 



 46 

Acknowledging that tourists’ spending on food can comprise up to a third of their total 47 

holiday expenditures (Bélisle, 1983; Telfer and Wall, 2000; Torres, 2003), and 48 

recognizing that even entire destination choices can be driven by tourist interests in 49 

and/or preferences for food (Cohen and Avieli, 2004; Hall and Sharples, 2003), 50 

understanding tourist food choice is becoming an important driver of (foodservice) 51 

business innovation and food supply management in many destinations (Mak et al., 52 

2012a; Raj and Griffin, 2017). For example, the passion of many tourists for local 53 

flavours has driven demand and supply of local food while, in contrast, the desire of 54 

many tourist to stick to familiar food choices has intensified demand and supply of 55 

‘western’ foodstuffs (Mak et al., 2012a). Most important is that, as tourism grows, the 56 

local area must increase its food production and, in some cases, it may even import 57 

foodstuffs from other regions in order to meet the growing demand for food from 58 

tourism. For example, almost three quarters of foodstuffs consumed by tourists in 59 

Majorca (Spain) are sourced outside the island which results in excessive carbon 60 

footprint of this destination’s food procurement and logistics (Filimonau et al., 2011).  61 

 62 

Increased demand for food from tourism contributes to the development of the sector of 63 

foodservice provision at a destination (Coles and Hall, 2008; Mak et al., 2012a) but 64 

comes at a cost of significant environmental externalities. For example, the need for 65 

more food inevitably leads to excessive wastage, both at the point of food production 66 

and food distribution (Wang et al., 2017). What is more, the environmental impact of 67 

food consumption by tourists is not only limited to the food itself (so-called ‘direct’ 68 

impacts), but also includes numerous embedded (or ‘indirect’) impacts within the food 69 

supply chain, such as arable land, water, and energy (Gustavsson et al., 2011; Scialabba 70 

et al., 2013). For example, tourism growth may significantly increase arable land 71 

requirements for the food supply of tourist destinations (Gössling, 2002) while there is 72 

good correlation between an increase in tourist arrivals to a destination and food 73 

resource intensity, including food waste generation (Arbulu et al., 2017). Indeed, it is 74 

estimated that, annually, approximately 75 billion meals are consumed by tourists and 75 

these meals are usually cooked of high quality foodstuffs which require abundant land 76 

resources to produce (Rutty et al., 2015).  77 

 78 

Despite the importance of better understanding the correlation  between food 79 

consumption and arable land requirements (ALR) for the design of the sustainable 80 

development startegies in popular tourist destinations, the related research agenda 81 

remains limited. (Gerbens-Leenes et al., 2002) explored the impact of food consumption 82 

on ALR but focused on local residents, rather than tourists. Food consumption highly 83 

depends on food production while food production requires agricultural land (Gerbens-84 

Leenes et al., 2002). It has been reported that feeding an adult in a developed country 85 

requires on average 0.03 ha of arable land (Cai et al., 2002). In addition, studies on food 86 

consumption both in New York State and the UK show that the land requirements for 87 

consumption of animal products are higher (De et al., 2015; Peters et al., 2007). A 88 

seminal study on the impact of food consumption on ALR in China was conducted by 89 

(Zhen et al., 2010). This study found that the land required to produce food depends on 90 

population size, consumption patterns, land resource endowment and the level of farm 91 

intensification. A number of studies  have applied quantitative assessment to determine 92 

the impact of changes in food consumption on ALR (Gao et al., 2017; Jiang et al., 2015; 93 

Kastner et al., 2012; Tian et al., 2017). In particular, Gao et al.(2017) systematic 94 

analysed the potential of vacating arable land for grass of farmers in Tibet, China based 95 



on the developed method of studying the relationship between food consumption and 96 

cultivated land demand by Gerbens-Leenes et al. (2002). The results of Jiang et al. 97 

(2015) indicate that the urban economic development significantly affect the ALR for 98 

food production. Both Kastner  et al. (2012) and Tain et al. (2017) use the 99 

decomposition approach to determine the main driving factors of ALR for food 100 

consumption. While these studies are important to better understand temporal changes 101 

in food consumption on ALR, they were based on the data extracted from 102 

(inter)national data bases, rather than on the empirical data obtained via field consumer 103 

surveys. Further, existing studies explored the temporal changes in ALR caused by the 104 

food consumption of residents, rather than tourists, thus lacking an important element of 105 

analysis given that tourists represent a sizeable and increasingly large consumer 106 

segment in many destinations.  107 

 108 

Rational use of arable land resources to meet the growing food demand is one of the 109 

national priorities in China (Chen, 2007). It becomes particular important in light of 110 

growing middle class the representatives of which travel more often. The inflow of 111 

tourists drives regional shifts in food consumption in China and leads to the distribution 112 

of ALR, especially in the regions hosting a large number of tourist arrivals. Therefore, it 113 

is important to study the impact of tourist food consumption on ALR in tourist 114 

destinations, especially for tourist destinations in the regions with relatively scarce 115 

availability of arable land resources, such as the Qinghai-Tibet Plateau.  116 

 117 

Therefore, the objectives of this study are to: (i) quantify the tourist food consumption 118 

and its change over time in a major tourist destination of the Qinghai-Tibet Plateau i.e. 119 

the city of Lhasa; (ii) assess the ALR for tourist food consumption and its temporal 120 

change in accord with changes in tourist food consumption (if any); and (iii) identify the 121 

determinants of temporal changes in ALR due to tourist food consumption. The 122 

remainder of this paper is structured as follows. Section 2 provides details of the 123 

materials and methodology used to achieve the research objectives. Section 3 reports on 124 

the findings. Section 4 discusses conclusions and recommendations for optimizing use 125 

of arable land resources and promoting (more) sustainable development of tourist 126 

destinations with relative scarcity of arable land. Importantly, while being a case study 127 

of Lhasa, this project aims to provide (more) generalisable insights into how forecast 128 

changes in tourist food consumption can affect future ALR in other tourist destinations. 129 

2 Materials and Methods 130 

2.1 Study area 131 

Lhasa is the capital of Tibet located on the Qinghai-Tibet Plateau. Tibet had an arable 132 

land area of 35878 ha and the population of about 905000 inhabitants in 2015 (Lhasa 133 

Municipal People's Government, 2015; Tibet Autonomous Region Statistics Bureau and 134 

Tibet Survey Corps of the National Bureau of Statistics, 2016).  135 

In 2015, the number of tourists visited Lhasa was 11.79 million, representing an 136 

increase of 27.4% from 2014, and tourism revenues accounted for 41.1% of Lhasa's 137 

GDP (Lhasa City Statistics Bureau, 2016). While tourism has clearly become a leading 138 

industry driving Lhasa's economic growth, it imposes irreversible impacts on  Lhasa's 139 

natural environment which is fragile and remote. Lhasa is located in the hinterland of 140 

the Qinghai-Tibet Plateau and has an average elevation of over 3650 meters. Much of 141 



the natural resources consumed in Lhasa are imported from other regions in China. 142 

Lhasa thus represents a good case study of a large city which has to balance out the 143 

strive for tourism development with the need to conserve the environment and 144 

rationalise the consumtion of natural resources.  145 

2.2. System definition 146 

In this study, we obtained the primary data on tourist food consumption via a field 147 

survey weighing the food ordered by tourists in Lhasa restaurants. ALR were 148 

subsequently calculated based on the indicators that are available in previously 149 

published research. We defined that:  150 

(1) The tourist food consumption survey was deployed in the Chengguan District of 151 

Lhasa because it represents an urban area with the high concentration of 152 

restaurants;  153 

(2) To measure the temporal changes in tourist food consumption, the survey was 154 

first conducted in 2013 and then repeated in 2015;  155 

(3) Tourist food consumption captured by the survey included both the foodstuffs 156 

eaten and uneaten/wasted (edible portion) as the net food purchased/consumed 157 

by tourists;  158 

(4) Food was divided into ten major categories: pork, beef, lamb, poultry, aquatic 159 

products (fish and crustaceans), eggs, pasta, vegetables, rice, and fruits. For 160 

simplicity of analysis,  the former six categories of food are defined as ‘animal-161 

based foods’ and the latter four categories are defined as ‘plant-based foods’). 162 

Beans, potatoes, wheat flour, and corn products were classified under ‘pasta’ 163 

while nuts, dairy, and condiments were not considered in this study because of 164 

the relatively small ratios of consumption of these items in the regional food 165 

diet; 166 

(5)  Three factors, namely the (growing) population of tourists, technological 167 

progress, and dietary patterns were considered the main impact factors of tourist 168 

food consumption on ALR.  169 

2.3 Field survey administration 170 

The field survey was conducted in July and August of 2013 and then 2015, i.e. during 171 

the ‘high’ tourism season. The procedure of random sampling, the sample classification 172 

criteria, and the process of direct-weighing operations were followed as prescribed in 173 

(Wang et al., 2017; Wang et al., 2018). A total of 46 restaurants with 290 tables in total 174 

were investigated in 2013 and a total of 23 restaurants with 73 tables in total were 175 

investigated in 2015 to establish patterns of tourist food consumption and the temporal 176 

changes within. Of the 46 restaurants investigated in 2013, 10 were large-sized 177 

restaurants, 14 were medium-sized restaurants, and 22 were small-sized restaurants; of 178 

the 23 restaurants investigated in 2015, 5 were large-sized restaurants, 9 were medium-179 

sized restaurants, and 9 were small-sized restaurants. Detailed information on the 180 

studied restaurants (e.g. location and types) is shown in Figure 1. In total, 290 tables, 181 

909 tourists, and 1,297 dishes were investigated in 2013; while 73 tables, 232 tourists, 182 

and 338 dishes were investigated in 2015 (Figure 2). Notably, there was no same 183 

surveyed restaurants in 2013 and 2015 due to our random stratified sampling and the 184 

great change of restaurant managers/operators (Wang et al., 2018). Besides, due to the 185 

limitations of objective sampling and pragmatic challenges such as economic and labor 186 



cost, as well as their difference in different years, the samples also are different in terms 187 

of qualitity.  188 

 189 

 190 

 191 

Figure 1. The distribution of surveyed restaurants in Lhasa in 2013 and 2015. 192 



193 

194 

 195 

Figure 2. The total number and share of surveyed restaurants, tables, tourists, and dishes 196 

in Lhasa. 197 

 198 

2.4 Measurement of food consumption and arable land requirements  199 

2.4.1 Quantitative accounting of food consumption 200 

First, per capita food consumption was calculated using the following steps: 201 

For each sample table, the weight of each dish was divided into the weight of each 202 

food ingredient included in the dish (e.g. the weight of tomato scrambled eggs 203 

would be divided into the weight of the tomato and the weight of the eggs) using 204 

the direct-weighing data, dish ingredients, and ingredient proportion data 205 

(determined via chef interviews and data from publicly available data sources (Li 206 

et al., 2019b), such as Food World (https://www.meishichina.com/), Heart Recipe 207 

(https://www.xinshipu.com/), Gourmet (https://www.meishij.net/), ect). Then the 208 

weight of each same ingredient was added up to determine the total weight of 209 

each food type.  210 

(1) The weight of a cooked food ingredient was converted into the weight of the 211 

corresponding raw material using coefficient data from the published literature 212 

and survey-estimated data  (Table 1).  213 
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(2) All food ingredients were classified into the ten categories as defined above, and 214 

the total weight of each category was obtained by summation.  215 

(3) Food consumption per capita per meal was then calculated based on the total 216 

number of tourists surveyed. 217 

Table 1. Conversion factors from cooked food to raw food (Li et al., 2019b).  218 

Food group Food type 

Coefficien

t of 

cooked 

food to 

raw food 

Source 

Grain 

Rice 

Steamed rice 0.45  (Chappell, 1954) 

Porridge 0.09  
Survey-based 

estimate 

Rice flour/Rice noodle 0.43  
Survey-based 

estimate 

Pastry 0.70  
Survey-based 

estimate 

Whea

t 

Noodles 0.53  
Survey-based 

estimate 

Round flat cake 0.83  
Survey-based 

estimate 

Steamed bread 0.67  
Survey-based 

estimate 

Flour 0.70  
Survey-based 

estimate 

Maiz

e 

Steamed corn bread 0.50  
Survey-based 

estimate 

Cooked corn 0.88  (Chappell, 1954) 

Millet Millet porridge 0.09  
Survey-based 

estimate 

Potat

o 

Sweet potato 3.00  
Survey-based 

estimate 

Potato 3.51  
Survey-based 

estimate 

Meat 
 

Pork 1.43  (USDA, 1992) 

Beef 1.43  (USDA, 1992) 

Lamb 1.43  (USDA, 1992) 

Poultry 1.54  (USDA, 1992) 

Other 1.54  (USDA, 1992) 

Eggs Eggs 1.00  (Chappell, 1954) 

Aquatic 

products  

Fish and products 1.18  
Survey-based 

estimate 

Shrimp and products 1.18  
Survey-based 

estimate 

Crab and products 1.18  
Survey-based 

estimate 

Shellfish and products 1.18  
Survey-based 

estimate 

 Vegetables   

Root vegetables 1.08  
Survey-based 

estimate 

Cabbage 1.08  
Survey-based 

estimate 

Mustard 1.08  
Survey-based 

estimate 



Solanberry 1.08  
Survey-based 

estimate 

Beans 1.08  
Survey-based 

estimate 

Melon 1.08  
Survey-based 

estimate 

Onion and garlic 1.08  
Survey-based 

estimate 

Leafy vegetables 1.08  
Survey-based 

estimate 

Tuber and tuberous rooted 

vegetables 
1.08  

Survey-based 

estimate 

Aquatic vegetables 1.08  
Survey-based 

estimate 

Perennial vegetables 1.08  
Survey-based 

estimate 

Edible fungi 1.08  
Survey-based 

estimate 

Bean products 0.20  
Survey-based 

estimate 

 Soybeans and bean sprouts 0.11 
Survey-based 

estimate 

Fruits 

Boiled peanut  0.91  
Survey-based 

estimate 

Fried peanut 1.11  
Survey-based 

estimate 

Fruits 1.00  
Survey-based 

estimate 

 219 

Second, the total tourist food consumption throughout the year was calculated 220 

based on the per capita per meal food consumption data combined with the annual 221 

tourist population and average number of days spent visiting Lhasa. 222 

The per capita food consumption was first calculated by: 223 

 

1

t

t
t i
i n

t

x

x

FC
AFC

N





  (1) 224 

where 
t

iAFC  denotes the average per capita per meal tourist food consumption of food 225 

category i (where i = 1, 2, 3, …,10, representing pork, beef, lamb, poultry, aquatic 226 

products, eggs, pasta, vegetables, rice, and fruits, respectively) in year t (where t = 2013 227 

or 2015); 
t

xN  denotes the number of tourists at surveyed table x in year t, where N
2013

 228 

and N
2015

 are equal to 290 and 73, respectively; and 
t

iFC  is the total consumption of 229 

food category i, which is equal to the total consumption of all food types within this 230 

category. 231 

The total food consumption of food type z was obtained based on the following 232 

equations: 233 

 
1

tm
t t

z yz

y

FC FC


  (2) 234 



 
t t

yz y yz zFC CW       (3) 235 

 
t t t

y y yCW IW PW    (4) 236 

where 
t

zFC  is the total consumption of food type z (where z = 1, 2, 3…40 as defined in 237 

Table 1) in the year t; 
t

yzFC  is the consumption of food type z in dish y (maximum 1297 238 

in 2013 and 338 in 2015) in the year t: 
t

yCW  is the weight of dish y in the year t; yz is 239 

the proportion of food type z in dish y; 
z  is conversion factor from cooked food type z 240 

to raw food type z; 
t

yIW  and 
t

yPW  are the initial weight of the cooked food of dish y 241 

including the plate (prior to tourist consumption) and the weight of the plate carrying 242 

dish y in the year t, respectively. 243 

Based on the per capita food consumption determined above, the equation for 244 

calculating the annual total amount of tourist food consumption is: 245 

 
10

1

2t t t t

total i T

i

FC AFC N D


     (5) 246 

where 
t

totalFC  represents the total tourist food consumption in Lhasa in the year t; 
t

TN  is 247 

the total population of tourists in the year t, where 2 accounts for two meals a day 248 

(lunch and dinner); and 
tD  indicates the average number of overnight tourist stays in 249 

the year t. It should be noted that the number of overnight stays of tourists in 2013 (250 
2013D ) was adopted from the number of overnight stays of international tourists 251 

provided in the Yearbook of China Tourism Statistics  (National Tourism 252 

Administration of the People's Republic, 2014) while the data in 2015 (
2015D ) was 253 

obtained from the telephone interview with the Lhasa Tourism Bureau because 254 

published data were not available.  255 

2.4.2 Quantitative accounting of arable land requirements  256 

We defined the ALR of tourist food consumption as the sum of the area of arable land 257 

required to produce each category of food consumed by tourists. Combined with data 258 

from (Gerbens-Leenes et al., 2002; Liu and Wang, 2018), the ALR of tourist food 259 

consumption in Lhasa were then calculated as described in Figure 3. 260 

 261 
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Figure 3. Flow chart of calculation of arable land requirements (ALR) (Gerbens-Leenes 264 

et al., 2002; Liu and Wang, 2018). 265 

 266 



The ALR of tourist food consumption were divided into the plant-based food 267 

ALR (vegetables, rice, pasta, and fruits), landP , and the animal-based food ALR (pork, 268 

beef, lamb, poultry, aquatic products, and eggs), landA . In order to calculate the ALR, 269 

cooked food consumption must first be converted into raw food consumption (using the 270 

factors inTable 1) and raw food consumption must then be converted into agricultural 271 

product consumption using the conversion coefficients shown in Table 2. It should be 272 

noted that animal-based foods must be converted to corresponding fodder consumption. 273 

The conversion coefficients used for this are shown in Table 3. We adopted a proportion 274 

of feed grain in fodder accounts of about 74% in which the main component of the feed 275 

grain was corn (82%), followed by wheat (10.3%), then rice (7.7%) (Zhao et al., 2014). 276 

Additionally, due to the limitations of the data, it was assumed that the source of 277 

animal-based food production was consistent with the source of the feed grain. 278 

Particularly, for the feed grain consumed by local beef and mutton in Tibet, we 279 

distributed the ALR to wheat and barley in a ratio of 2:1 and the ALR of local pork feed 280 

grain was calculated using the national average ALR in 100% of corn (Gao et al., 2017). 281 

The detailed calculation process of landP  and landA  is as follows: 282 
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where the sum of landP  and landA  is the tourist food consumption per capita per meal 285 

demand for arable land, landR , as in: 286 

 
t t t

land land landR P A   (8) 287 

The annual ALR of tourist food consumption were then calculated by: 288 

 2t t t t

land land TSR R N D     (9) 289 

where 1iC  refers to the conversion of raw category i food to its corresponding 290 

agricultural product; iY  refers to the weighted grain production per unit area of category 291 

i food, shown in Figure 4; 2iC  refers to the amount of feed grain consumed by the unit 292 

livestock production of category i animal-based food; and landSR  is the annual total 293 

ALR of tourist food consumption. 294 

 295 

Table 2. Conversion coefficients from raw food to agricultural products. 296 

Raw food Agricultural products C1 (t/t) (Wang et al., 2018) 

Pork Slaughter pigs 1.63 

Beef Slaughter cattle 2.11 



Lamb Slaughter sheep 2.25 

Poultry Slaughter poultry 1.49 

Aquatic products Aquatic products 1.18 

Eggs Eggs 1.18 

Vegetables Vegetables 1.5 

Fruits Fruits 1.2 

Rice Paddy 1.48 

Wheat Wheat 1.49 

 297 
 298 
Table 3. Conversion coefficient from fodders to animal production. 299 

Animal production Pork Beef Lamb Poultry Aquatic products Eggs 

C2(t/t) (Li et al., 2012) 3.3 2.6 2.1 2.5 1.9 2.1 

 300 

   301 

 302 

Figure 4. Main sources of food supply and weighted average grain yield (kg/ha) of agri-303 

food products in the study area. Note: L is the Tibet Autonomous Region; GS is Gansu 304 

province; SX is Shanxi province; SD is Shandong province; XJ is Xinjiang province; 305 

YN is Yunnan province; HLJ is Heilongjiang province; AH is Anhui province; JS is 306 

Jiangsu province; SC is Sichuan province; HB is Hubei province; HN is Henan 307 

province; CQ is Chongqing province; NX is Ningxia province; and QH is Qinghai 308 

province. More information on the source of this data was detailed in (Wang et al., 309 

2018). 310 

 311 

The change in ALR over a certain period of time can then be determined as the 312 

difference between the ALR at the beginning and the end of the studied period by: 313 

 0 0t t tt

land land landSR SR SR

   (10)  314 

2.4.3 Kaya identity and decomposition of arable land requirements 315 

In order to establish the main drivers of changes in ALR due to tourist food 316 

consumption, the Kaya identity, proposed by Japanese energy economist Yoichi Kaya 317 



(Kaya, 1990) was applied. The Kaya identify enabled this study to analyze each of the 318 

ALR according to its primary function, as follows: 319 

 i

i

land i
land land T

i i i T

SR K
SR SR N

K N

 
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 
   (11) 320 

where TN  is the total tourist population in Lhasa; Ki is the caloric energy of food in 321 

category i; and 
ilandSR is the ALR for food category i. 322 

Supposing that iland

i

i

SR
T

K
  and i

i

T

K
C

N
 , Equation (11) becomes: 323 

 
land T i i

i

SR N T C    (12) 324 

indicating that the ALR of tourist food consumption in Lhasa are determined by three 325 

driving factors: NT, indicating the tourist population factor, defined as the total tourist 326 

population over the entire year in the study area; Ti, indicating the technological 327 

progress factor, defined as the ALR per unit of caloric energy; and Ci, the dietary 328 

pattern factor, defined as the per capita food consumption. 329 

The change in the ALR of tourist food consumption in Lhasa was then analyzed 330 

using an additive logarithmic mean Divisia index (LMDI). The change in the ALR from 331 

year t0 to year t is given by: 332 

 0tt

land land landSR SR SR   (13) 333 

where landSR  is the total change in ALR between year t0 and year t; 
t

landSR is the total 334 

ALR in year t; and 
0t

landSR is the total ALR in year t0. The effects contributing to landSR  335 

include the tourist population scale effect (NT), the technological progress effect (Ti), 336 

and the dietary pattern effect (Ci). Therefore, Equation (13) can be expressed as: 337 

 0 =
tt

land land land T i iSR SR SR N T C     (14) 338 

Each variable on the right side of Equation (14) is calculated as follows: 339 

The tourist population scale effect: 340 

 
0
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= ln
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i i

T

i i

tt t
land land T

T landN t tt
i land land T

SR SR N
N SR

SR SR N

 
  

  
   (15) 341 

The technological progress effect: 342 

 
0
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  

  
   (16) 343 

The dietary pattern effect： 344 



 
0
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ln ln
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i

i i

tt t
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i landC t tt
i land land i

SR SR C
C SR

SR SR C

 
  

  
   (17) 345 

Using Equations (15)–(17), Equation (14) becomes:  346 

 
T i iland landN landT landCSR SR SR SR     (18) 347 

3 Results 348 

3.1 Tourist food consumption in Lhasa 349 

3.1.1 Per capita food consumption  350 

Tourist food consumption per capita per meal in 2015 (945 g) increased by 8% 351 

compared with that in 2013 (893 g) (Figure 5). Significant differences were revealed 352 

between tourist consumption according to each food item. In 2013, the most consumed 353 

foodstuff was vegetables (284 g, 32% of the meal), followed by pork, pasta, and poultry 354 

(190 g, 21%; 107 g, 12%, and 103 g, 12%, respectively). But in 2015, aquatic products 355 

(143 g, 17%) surpassed poultry to become the fourth largest meal ingredient. For 356 

animal-based foods, it is worth noting that the consumption of aquatic products and 357 

lamb both increased significantly and the consumption of eggs and other meats 358 

including beef, poultry, and pork decreased. For plant-based foods, vegetables and pasta 359 

were consumed more and rice was consumed less in 2015 compared with 2013. The 360 

consumption of fruits remained almost unchanged. 361 

 362 

 363 
Figure 5. Tourist food consumption per capita per meal in 2013 and 2015 in Lhasa. 364 



3.1.2 Total food consumption  365 

The total tourist food consumption in Lhasa increased by 58% from 43929 tons in 2013 366 

to 69491 tons in 2015 (Figure 6a). In absolute value, all food consumption increased 367 

except rice. Vegetable consumption increased the most (7820 tons, 56%), followed by 368 

aquatic products (6287 tons, 230%), pasta (4159 tons, 79%), pork (3298 tons, 35%), 369 

lamb (1958 tons, 365%), and beef (1060 tons, 28%). The increase in poultry, eggs, and 370 

fruits consumption was all less than 700 tons. Rice consumption decreased by 93 tons 371 

(5%) (Figure 6b). In total, the consumption of animal-based foods increased by 17385 372 

tons (65%) and the consumption of plant-based foods increased by 11920 tons (57%). 373 

Composition wise, the contribution of aquatic products, lamb, and pasta 374 

increased by 7 percentage points, 3 percentage points, and 2 percentage points, 375 

respectively; while the contribution of pork, poultry, beef, rice, and vegetables 376 

decreased by 3 percentage points, 4 percentage points, 2 percentage points, 2 percentage 377 

points, and 1 percentage point, respectively. The contribution of fruits and eggs showed 378 

no significant change. 379 

 380 

381 

 382 



Figure 6. (a) Total tourist food consumption and composition in 2013 and 2015, and (b) 383 

the change in tourist food consumption from 2013 to 2015 in Lhasa. 384 
  385 

 386 

3.2 ALR of tourist food consumption in Lhasa 387 

3.2.1 Total ALR  388 

The total ALR of tourist food consumption in Lhasa increased by more than 50% from 389 

14376 ha in 2013 to 22210 ha in 2015 (Table 4). The ALR attributed to tourist food 390 

consumption was equal to nearly 41% and 62% of the arable land area of the Lhasa 391 

region in 2013 (34900 ha) and 2015 (35878 ha), respectively (Tibet Autonomous 392 

Region Statistics Bureau and Tibet Survey Corps of the National Bureau of Statistics, 393 

2014; Tibet Autonomous Region Statistics Bureau and Tibet Survey Corps of the 394 

National Bureau of Statistics, 2016). Of this increase in ALR, 84% was caused by the 395 

increased consumption of animal-based foods (Figure 7) with the largest contribution 396 

made by pork (42%), beef (18%) and poultry (13%) in 2013. In 2015, pork remained 397 

the largest contributor to ALR (37%), followed by beef (15%), but then aquatic 398 

products (12%) replaced poultry in the top-3 contributors. Compared with meats, 399 

vegetables, and grain (pasta and rice), the ALR of fruits contributed the least both in 400 

2013 and 2015 due to small overall consumption of these foodstuffs. In contrast, the 401 

contribution of pork decreased the most (5 percentage points) and that of aquatic 402 

products increased the most (6 percentage points). The decrease in the ALR of pork can 403 

be attributed to the decrease in feed grain yield while the increase in the ALR of aquatic 404 

products can be attributed to their overall increase in food consumption which 405 

indicating the changing ditary patterns. 406 

 407 

Table 4. Arable land requirements (ALR) of different types of food and their 408 

percentages in 2013 and 2015 (Unit: ha). 409 

Food category 

2013 2015 

ALR 
Percentage of 

total ALR 
ALR 

Percentage of 

total ALR 

Pork 5983 42% 8224 37% 

Beef 2524 18% 3274 15% 

Poultry 1864 13% 2075 9% 

Pasta 1348 9% 2294 10% 

Aquatic products 819 6% 2717 12% 

Vegetables 645 4% 943 4% 

Eggs 442 3% 577 3% 

Rice 372 3% 349 2% 

Lamb 376 3% 1752 8% 

Fruits 1 0% 5 0% 

Total 14376  22210  

 410 



 411 

Figure 7. Arable land requirements (ALR) of plant-based and animal-based food 412 

consumption by tourists in 2013 and 2015 in Lhasa. 413 

 414 

3.2.2 Decomposition of ALR  415 

According to the results of the decomposition of ALR, it was established that the ALR 416 

increased by 7834 ha from 2013 to 2015. The tourist population scale effect was the 417 

most major factor contributing to this increase (6929 ha) , while the dietary pattern 418 

effect was the second largest contributor (899 ha), and the technological progress effect 419 

was the smallest, almost negligible, contributor (6 ha) (Figure 8).  420 

 421 

 422 

Figure 8. Contribution of tourist population effect, dietary pattern effect, and 423 

technological progress effect to changes in arable land requirements (ALR) of tourist 424 

food consumption in Lhasa. 425 

 426 
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4 Discussion and Concluding remarks 427 

4.1 Analysis and comparison 428 

The per capita tourist food consumption in 2013 and 2015 quantified in this study were 429 

both a bit smaller than that in 2011 (Wang et al., 2016). The reason for this difference 430 

mainly rests within the consumption of spirits/liquor, which was not included in the 431 

current study but accounted for in the study by (Wang et al., 2016). Further, when 432 

comparing the results of this study with the outcome of the research project on food 433 

waste generated by the sector of foodservice provision in Lhasa from 2011 to 2015 434 

(Wang et al., 2018), the observed increase in the per capita food consumption within the 435 

period of 2013-2015 may be not because tourists eat more, but because they waste 436 

more. The results of the previous study determined that per capita food waste of tourists 437 

in 2011 was 135 ±3 g per meal and increased to 144 ±4 g per meal in 2015 with an 438 

annual rate of increase of 1.67% (Wang et al., 2018). Moreover, the amount of food 439 

waste generated by tourists was found to be significantly higher than that of local 440 

residents, especially in 2015 (144 ±4 g vs. 86 ±2 g) (Wang et al., 2018). This clearly 441 

demonstrates that while  the rapid development of tourism brings economic growth and 442 

increased employment to Lhasa,  the irresponsible consumer behavior of tourists, in this 443 

case as manifested in food waste generation, imposes a series of adverse effects on a 444 

destination. Food waste implies inefficient input of resources and excessive emission of 445 

greenhouse gases (Gustavsson et al., 2011). Thus, the problem of tourist-generated food 446 

waste in a popular tourist destination cannot be ignored, especially for the city of Lhasa, 447 

which has limited resources and an extremely fragile natural environment. 448 

The per capita tourist food consumption in Lhasa was more than two times that 449 

of household food consumption in China (Li et al., 2018; Xiong and Wang, 2017). This 450 

indicates disproportionate food consumption patterns of tourists. Local households in 451 

Lhasa are usually familiar with how much they can eat and what they eat, i.e. they have 452 

well-established dietary patterns, and so they consume more suitable quantities of food 453 

and waste less. Being away from home, many tourists find it difficult  to control the 454 

quantities and character of food eaten due to the unfamiliar environment and often 455 

impulsive consumption (Li et al., 2019a). Therefore, tourist food consumption will 456 

inevitably be higher than household food consumption, thus imposing 457 

disproportionately higher environmental impacts, especially in the ‘indirect’ form. 458 

Additionally, it should be noted that the significant increase in aquatic product 459 

consumption from 2013 to 2015 as calculated in this study was primarily because there 460 

were fewer fish restaurants in Lhasa in 2013 as compared against 2015. Thus, the 461 

consumption of aquatic products in 2015 was inevitably higher than that in 2013. The 462 

increase in the consumption of lamb and the decrease in the consumption of eggs, beef, 463 

poultry, and pork indicates changes in the dietary structure of tourists visiting Lhasa. 464 

These changes are somewhat different from the changes in the dietary structure of 465 

household food consumption recorded for both urban and rural China. For example, the 466 

per capita per year poultry consumption of urban residents and rural residents in China 467 

both increased by about 16% in 2015 compared with 2013 (Sheng, 2014; Sheng, 2016). 468 

The significant increase in total tourist food consumption can be mainly 469 

attributed to the significant increase in tourist arrivals in Lhasa, which increased by 48% 470 

from 7.99 million in 2013 to 11.79 million in 2015, and somewhat assigned to the 471 

overall increase in per capita food consumption as mentioned previously. With the rapid 472 

economic development of China, the wealth of its residents is increasing and their pace 473 

of life is accelerating. Thus, eating out is becoming an important form of food 474 



consumption for many residents. Accompanying these developments, tourism in China 475 

has witnessed the fastest development in recent years, with total domestic tourist 476 

arrivals increasing by 22%, from 3260 million person-trips in 2013 to 3990 million 477 

person-trips in 2015 (National Tourism Administration of the People's Republic, 2014, 478 

2016), indicating the growing prosperity of the tourism industry. Tourist food 479 

consumption, an important and specific form of away-from-home food consumption, 480 

has therefore become increasingly common. Furthermore, tourists tend to eat better 481 

variety and larger quantities of food when being away from home compared to their in-482 

home food consumption, causing the observed increase in per capita food consumption. 483 

This increasing food consumption has undoubtedly increased the pressure imposed by  484 

the food supply on the environment of many tourist destinations.  485 

As an important resource for food cultivation, arable land is a prerequisite for 486 

sustaining food production and subsequent consumption. Previously published research 487 

has indicted that the arable land required to produce food is determined by many 488 

factors, including population size, consumption patterns, and technological factors, such 489 

as crop yield area (Kastner and Nonhebel, 2010; Kastner et al., 2012; Luan et al., 2014; 490 

Penning et al., 1995; Zhen et al., 2010). Thus, higher food consumption levels and 491 

increased tourist arrivals mean greater ALR. Presently, the food consumption structure 492 

of Chinese residents appears to be gradually shifting from a vegetarian diet to a more 493 

affluent diet which is increasingly  including meat (Zhai et al., 2005). For example, the 494 

consumption of cereals has decreased in China while the consumption of meats, eggs, 495 

and aquatic products grows steadily (Li, 2007; Wang and Yang, 2007). With the 496 

continued economic development and urbanization in China, this intense-ALR diet will 497 

continue to intensify. As a form of away-from-home consumption, tourist food 498 

consumption has significantly increased the pressure on the food supply chains within 499 

tourist destinations and, subsequently, imposed extra pressure on their arable land 500 

resources. This pressure is well noticeable for Lhasa, which is on a high plateau with 501 

limited arable land resources (35878 ha) (Tibet Autonomous Region Statistics Bureau 502 

and Tibet Survey Corps of the National Bureau of Statistics, 2016). In 2015, the 21542 503 

ha of ALR used to meet tourist demand for food  was equivalent to 62% of the city's 504 

total arable land area. This underlines the importance of designing strategies for 505 

reducing the ALR attributed to tourist food consumption in such plateau areas with their 506 

fragile environments and high pressures on natural resources in order to promote (more) 507 

sustainable development of a destination.  508 

Food consumed by tourists is typically from both in-region and out-of-region 509 

markets (Halldorsdottir and Nicholas, 2016; Mak et al., 2012a). Thus, on the one hand, 510 

the increase in food consumption can be satisfied by an increase in local food supply or 511 

by the import of foodstuffs from other regions (OECD and FAO, 2016). On the other 512 

hand, the increase in food consumption imposes pressures not only on the local arable 513 

land resources (‘direct’ pressures), but also upon those of other regions (‘indirect’ 514 

pressures). According to the early field survey of comprehensive wholesale markets of 515 

agricultural products in Lhasa in 2012, more than 80% of food on average was imported 516 

from other regions due to the limited resources of the Lhasa region (Wang et al., 2018). 517 

Considering the significant resource consumption and emissions of greenhouse gases 518 

incurred in the process of food transportation (Mangmeechai, 2016; Tassou and G. De-519 

Lille, 2009; Wakeland et al., 2012), excessive food consumption, high animal-based 520 

food diets, and food waste generated by tourists not only apply significant pressures on 521 

the natural resources and the environment of popular tourist destinations, such as Lhasa, 522 

but also constitute a significant threat to the sustainable use of resources and the health 523 

of the entire regional (or even national) ecosystems.  524 



4.2 Possible mitigation strategies  525 

In the context of the rapid tourism development, the correlation between tourist 526 

population growth and unreasonable consumption patterns becomes clear and has a 527 

noticeable impact on natural resources of tourist destinations. The increase in food 528 

consumption and the accompanying pressures on ALR manifest this impact particularly 529 

well. Accordingly, the following mitigation strategies can be considered based on the 530 

findings of this study: 531 

(1) In view of the significant contribution of the tourist population factor to ALR, 532 

reasonably controlling the tourist population and considering the spatial 533 

allocation of food resources may offer effective and readily implementable 534 

measures for alleviating the pressures on the demand for arable land in tourist 535 

areas with a fragile environment and scarce natural resources. It is also 536 

conceivable that the reception pressure of local tourist ‘hotspots’ could be 537 

reduced by adopting tourist diversion in those areas. 538 

(2) Although the effect of the dietary structure factor on ALR is smaller than that of 539 

the tourist population factor, from the perspective of tourism economic 540 

development it is more feasible and effective to relieve the resource pressure of 541 

tourism on destinations by improving the food consumption structure and 542 

managing the consumption behavior of tourists. Notably, a high animal-based 543 

food consumption pattern requires significant utilization of arable land 544 

resources. Thus, a shift from an animal-based diet to a plant-based diet could 545 

have manifold benefits for environmental sustainability of food consumption 546 

and food production, as well as for the (more) rational use of arable land 547 

resources (Schönhart et al., 2009). Notably, the intensely animal-based diet of 548 

residents across China, especially during away-from-home food consumption, 549 

has triggered a series of health problems, including obesity and high blood 550 

pressure (Du, 2014). Therefore, it is necessary to re-examine the nutritional 551 

needs and the healthy diets to scientifically guide and adjust the dietary patterns 552 

and the structure of both resident and tourist populations in popular tourist 553 

destinations. Reducing the consumption of food with relatively high ALR, such 554 

as meats, and increasing the consumption of fruits, vegetables, and eggs can 555 

provide (more) balanced nutrition and (more) environmentally sustainable food 556 

consumption.  557 

(3) Notably, although technological progress was not found to provide any 558 

substantial alleviation of the increase in ALR attributed to tourist food 559 

consumption in the current study, the contribution of technological 560 

advancements to the potential reduction of ALR still should not be ignored (Liu 561 

and Wang, 2018). In the future, in addition to reasonably managing tourist flows 562 

in Lhasa and its consumption patterns, the vigorous development of agricultural 563 

science and technology to improve land productivity and the utilization rate of 564 

arable land is recommended. Additionally, managing food consumption patterns 565 

by tourists and investing in food waste mitigation should become a national and 566 

regional target to realize the (more) sustainable use and development of China's 567 

land resources and to promote sustainable tourism. 568 

4.3 Conclusions 569 

As the most basic tourism commodity, tourist food consumption has an important 570 



impact on local food demand and food supply (Frisvoll et al., 2016; Rutty et al., 2015; 571 

Wang et al., 2017). This study examined the associated ALR to accommodate temporal 572 

changes in tourist demand for food in the popular tourist destination of Lhasa on the 573 

Qinghai-Tibet Plateau and established the main factors contributing to the changes in 574 

ALR via empirical analysis. The main conclusions are as follows:  575 

(1) Food consumption per capita per meal in 2015 (945 g) was 8% higher than in 576 

2013 (893 g). Noticeably, the consumption of aquatic products and lamb were 577 

both significantly higher in 2015 than in 2013. 578 

(2) Total tourist food consumption per year in Lhasa increased by 58% from 43929 579 

tons in 2013 to 69491 tons in 2015. Vegetable consumption increased the most 580 

(7820 tons or 56%), followed by aquatic products (6287 tons or 230%) and pasta 581 

(4159 tons or 79%).  582 

(3) The total ALR of tourist food consumption in Lhasa increased by more than 583 

50%, from 14378 ha in 2013 to 22210 ha in 2015, and 84% of this increase was 584 

caused by an increase in animal-based food consumption of tourists. Pork 585 

contributed the most to the total ALR both in 2013 (42%) and 2015 (37%). 586 

(4) Among the drivers of increased demand for arable land, the tourist population 587 

effect was the most important factor, followed by the dietary patterns of tourists. 588 

The effect of technological progress had a small, but noteworthy, effect on the 589 

increase in ALR.  590 

4.4 Limitations and further research directions 591 

The results of this study contributed to the first evaluation of the effect of tourism on 592 

ALR in a tourist city (Lhasa, on the Qinghai-Tibet Plateau), thus outlining the avenue 593 

for future research which can set to explore the prerequisites of the (more) sustainable 594 

planning and management of natural resources in other destinations. However, there 595 

remains some space for improvement and progress in similar future research. If the 596 

following limitations were to be addressed, the findings of future similar studies could 597 

be made more robust:  598 

 First, the studied sample was not constituted by exactly the same restaurants 599 

surveyed in 2013 and 2015 because the sector of foodservice provision, globally 600 

and in China, is characterised by rapid changes in business and ownership 601 

models.  602 

 Second, food consumption during breakfast and consumption of other foodstuffs 603 

(for example, dairy and beverages drinks) were excluded from analysis due to 604 

their relatively minor levels of consumption in China. Thus, the ALR 605 

determined in the current study are likely to be somewhat underestimated. What 606 

is more, consumption of dairy and beverages may be more popular in other 607 

destinations, thus calling for the need to include them into the scope of analysis.  608 

 Third, the accuracy of the feed grain source was limited in this study. We 609 

assumed that the source of animal-based food production was consistent with the 610 

source of the feed grain due to limited data. Inevitably, there will be some 611 

accompanying bias in the results. This also reflects the lack of relevant research 612 

data, which must be generated by the relevant departments (e.g. tourism 613 

management departments or agricultural management departments) of specific 614 

countries and/or tourist destinations to strengthen and improve the quality of 615 



data collection and better support the development and improvement of related 616 

scientific research work in the future.  617 
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